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MATDIAG, A Program for Computing
Multilevel S-matrix Resonance Parameters

by

Peter A. Moldauer, Richard N. Hwang,
and Burton S. Garbow

ABSTRACT

The program MATDIAG computes cross~section
resonance parameters from Wigner's R-matrix, The input
R-matrix parameters may be specified individually, or they
may be generated statistically. The generated resonance
parameters are analyzed statistically and may be used for
the calculation of Doppler-broadened multilevel cross sec-
tions in other programs.

INTRODUCTION

The purpose of the computer program MATDIAG is to compute
cross-section resonance parameters from Wigner's R-matrix.'’?

The R-matrix parameters (energy levels €, and channel ampli-
tudes YHC) may either be specified individually in the input, or they may
be generated statistically according to appropriate distribution laws.

The computed cross-section resonance parameters are the poles
and residues of the collision m.’:\.trix,3 which are useful for a variety of
purposes. They can be employed for the direct calculation of Doppler-
broadened multilevel cross sections by means of the Adler-Adler cross-
section code,4'7 or for multilevel cross-section and neutron-flux calcula-
tions using the improved RABBLE program or other similar such
progra.ms.a Of particular interest to the fast-reactor research program is
the Doppler effect of the fissile isotopes in the low keV region, which has
been studied by Hwang with the help of the MATDIAG program,a"10

The statistical analysis of the S-matrix resonance parameters that
is performed in the MATDIAG program is needed for the precise specifica-
tion of average cross sections where resonances overlap and is also useful
for the interpretation of cross-section fluctuations.'! Moldauer'?:!* has
used the program for the study of resonance-parameter statistics and for
the clarification of the averaging process.



Two considerations necessitate the computation of S-matrix param-
eters in terms of R-matrix parameters in the region of overlapping

resonances.

First, this step is required to ensure the unitarity of the collision
matrix, which imposes severe and generally complicated restrictions on the
resonance parameters, particularly when the number of competing open
channels is small.'* Second, there exists no satisfactory theory that gives
the statistical properties of the S-matrix parameters directly, but there is
a very extensive and well-developed statistical theory of R-matrix
parameters.14

The program generates resonance parameters by inversion of the
level matrix and therefore requires the diagonalization of a complex
symmetric matrix whose dimension is equal to the number of resonances
included in the calculation. The version of the program used in earlier
applications9_15 was written for the CDC-3600 computer and used in complex
eigenvalue and eigenvector routines of Ehrlich'® with a restriction to a
maximum of 50 resonances. The program described in this report has been
significantly improved in the following ways: (1) The program has been
converted to run on the faster IBM system 360-75; (2) the complex eigen-
value and eigenvector routines* written by Garbow'’ were used in place of
Ehrlich's routine (this change reduced considerably the computer time re-
quired); (3) the modified version is capable of treating a maximum of
120 poles; and (4) options are available to punch cards with Adler-Adler param-
eters*™? for the Doppler-broadened cross sections in the modified RABBLE®?
format for the calculation of self-shielded reaction cross sections.

THEORY
The theory of multilevel and statistical cross-section calculations has
been discussed in great detail in Ref. 11 and was further summarized in
Ref. 18. We give here only an outline containing the definitions requiredfion

an understanding of the MATDIAG code.

The collision matrix elements can be written in the form

SCC' = eXP[ (¢c+¢c ) Z—Pﬁ% (1)
21y

where all parameters are assumed to be energy-independent constants and
the multilevel cross section is given by

*The complex eigenvector routine is unpublished.
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whose energy dependence is directly determined by the resonance energies
€y the widths I',,, and the residue amplitudes guc: where the subscript c
refers to a particular channel. The program calculates these parameters
from the eigenvalues and eigenvectors of the matrix By which is specified
in terms of R-matrix parameters Ey and V¢ as follows:

D i ~ ~
Byy = Epé;ﬂ/ S E (oc+1Tc) ’y/.tc'yvc' (3)

where, in the absence of a background R-matrix,*

Oc +iT¢ = 4m(SE +iP )<V} >/D (4)
and

Roe = Yuc/<vp P, (5)

where S°C is the shift function with the R-matrix boundary condition sub-
tracted. This parameter can often be selected to be zero. P is the
penetrability function, and D is the mean spacing of resonances; <’YZC>

is the value of ’YZC averaged over all resonances (. These parameters are
determined by the optical-model transmission coefficient T in each chan-
nel c, which has the value

Te (6)
(1+37)% + (30.)° .

Te =

For a fission channel, T, should be associated with the penetration proba-
bility of Hill and Wheeler."

The resonance energies g“ and the widths Fﬂ are the real and
imaginary parts of the eigenvalues of Byy;

ZO‘) =2l

pr A €>\-%il—‘>\) z(\), (7)

i
where Zgu“) is the vth component of the uth eigenvector of B ;.

The residue amplitudes are given by

*The meaning of O¢ and T, in more general circumstances is explained in Ref. 13,
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- s 1)5 8
g Ca zzv ’yyc' ( )
2 2T (T2 + 0zc)l/z 7]
The eigenvectors are normalized so that
et
sz = 1, (9)
v
and the normalization factor
2
Z'ZW = (10)
v
is computed that permits the definition of partial widths
2
r = N , 1L
e g Byl /N, (11)
which add up to the total width
IR S TEowe: 172
K Z: Hc (12

For statistical analysis, the program also calculates the real and imaginary
parts of

Ouc :;Z'I(J“)’y,uc (13)

as well as their absolute values and phase angles, and also the generalized
transmission coefficients!!

O = ZTerLTHC/D (14)
and

By~ Z fuc (15)
as well as the statistical parameters!!s13

Be = [<ghe >/<|g,lclz>|2 (16)

and



Option is also available to print and punch cards with the Adler-
Adler amplitudes for the Doppler-broadened cross sections in the format
of the modified RABBLE? so that the self-shielded cross sections can be
readily calculated. The Adler-Adler amplitudes for the Doppler-broadened
cross sections are related to the fundamental S-matrix parameters i ae
following way:*™?

GLX) = CZI@Q“, (18)

HLX) = ; 148 (19)

GLT) = Re[g?c - exp(-i2R/%)] (20)
and

H'&T) = ImlgZc ..exp(-i2R/A)], (21)

where the complex reaction amplitude @,# is defined as

gﬁ-cgﬁvc
-4 (F#+ 1““.)'

Cu = Buc Buc E’e e (22)

T

Another option available in connection with the Doppler-effect
studies is to punch out cards with the initially generated R-matrix param-
eters in the RABBLE format. Such information is useful in examining the
validity of the Breit-Wigner equation, because these studies are often
made on the basis of an ad hoc assumption that the single-level param-
eters and R-matrix parameters are identical.®
if resonances are widely spaced.

This assumption is correct

DESCRIPTION OF INPUT

Input parameters include the number of resonances NN, the number
of channels NR, and the R-matrix parameters Oc, Tc, EH" and ?Hc“

The E# can be specified in three ways:

(1) They may be specified to have unit spacing with an average value
<E“> of zero (picket fence).
5

(2) They may be read in individually.
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(3) They may be specified statistically so that the lowest E and the
mean spacing D are specified and the individual spacings A“ = E#ﬂ - EH
are generated randomly to follow the Wigner distribution

W(AM/D) = %W(A#/D) exp[-% Aﬁ/DZ]A

The 3/\#(: can be specified in two ways:

(1) They can be generated randomly to have a normal distribution
with unit standard deviation. This means that the VZC have a P}orter—Thomas
distribution.

(2) They can be read in individually.

DESCRIPTION OF OUTPUT

The various collision-matrix resonance parameters are given in the
output. In addition, certain statistical properties of these parameters are
calculated, such as their averages, their dispersions and correlations, which
are defined as follows:

B R, > ) K /NN,
O i
= 2 7 2
X MSQ = (<XE> - <X,> )/<x“> :

and

= 2 2
X CORR = (<X, X, > - <X > )/<x“> :

When channels with large transmission coefficients (T. > 0.5) are
present, the distributions of collision-matrix resonance parameters are apt
to be distorted near the edges of the set of resonances.!> For this reason,
pProvision is made to exclude from the above averages a number NKK of
resonances at each edge.

THE MATDIAG CODE

The MATDIAG code consists of several subroutines, which are listed
in the appendix. The function of the main program is to read input informa-
tion, set up the matrix B, and then print and punch out the quantities of inter-
est as obtained by other subroutines. To set up the matrix B, random
sequences of ’YHC and EIJ are generated by subroutines RANN and ESUB,



respectively, using the random numbers obtained in subroutine RANF“ZO
Where the elements of B ,,, are exceedingly large, the matrix can be

scaled down by a factor of SF specified by the users in order to avoid the
possible overflow in the computation of the eigenvalues and the eigenvectors.

The most important routines required are clearly those that compute
the complex eigenvalues and their corresponding complex eigenvectors,
Because the dimensions of matrices of interest are generally very large,
these routines must be fast and efficient to be of any practical interest.

Two such programs available at Argonne National Laboratory are MATSUB'®
and FRANCC! with VCTR (unpublished). MATSUB, originally written for
the CDC-3600 computer,”’ has been converted to the IBM 360/75a It was
found, however, that FRANCC! is faster by as much as a factor of three,
compared to MATSUB. Furthermore, it avoids the direct evaluation of the
determinant, which, for large matrices of interest, causes overflow in
MATSUB. Hence, FRANCC is recommended. Recently, another program
that treats the complex symmetric matrices of interest became available.
This program, written by Seaton,?! is based on a modified Jacobi method.
Preliminary tests have shown that Seaton's program is comparable to
FRANCC in speed and is perhaps more efficient when the diagonal elements
of the matrix B predominate or when only moderate accuracy is required.
These programs will be compared further.

Once the complex eigenvalues and eigenvectors are obtained, the
main program computes and prints out the S-matrix resonance parameters.
Subroutines ORDER and ORDERI1 order the quantities leu = ev! ,_M/Z and N“
in increasing order so that the statistical behavior of these quantities can
be examined more readily. Subroutine AVERAGE computes average
quantities required in the determination of the averaged cross sections.

Other characteristics of this code will be given as follows:

1. Input

Card Format Variables Description
1 (16A5) Title
Z (1215, E12.6) NN Number of poles =120.

NR Number of channels =300.

NKK Number of edge poles on each side of
the sample excluded from statistical
analysis.

NRTEST = 0 Same 0,T for all channels,

= 1 Different 0,7 for each channel.



12

Card Format Variables

2 NK
(Contd.)
NNRGEN

NOPTI1

NOPT2

NOPT3

NU
NF

KADLER

SE

NOTE: If KADLER = 0, skip card 3.

3 (E12.6, 16) GFACT

MWIDTH

Description

Number of channels in printout
=300

Number of random number gen-
erator or number of sequential
problems.

= 1 Picket fence E,u'

=2 Readin E .

= 3 E, generated from the Wigner
distribution.

= 0 7V's generated from the nor-
mal distribution.
=S SSllssarerreadsing

= 0 Real and imaginary parts of
the complex pole are not
punched out.

= 1 Real and imaginary parts of
the complex poles are punched
with cards in (8E10.3) format.

Number of incident neutron channels.

Number of fission channels
(NU+NF = NR).

= 1 Adler-Adler parameters for
the Doppler-broadened cross
sections are printed and
punched out in the modified
RABBLE format®
(6E12.5/3E12.5).

= 0 Adler-Adler parameters are
not computed.

Scaling factor for the input matrix.

Statistical spin g-factor.
= 1 Total R-matrix partial widths
zc:(ZPC)’YfLC for neutron, fis-

sion, and capture are printed
and punched in RABBLE format
(5E1LZ2I0)*

= 0 R-matrixpartial widths are not
given.



Card Format Variables
4% (8F10.6) ELR(I), ERI(I)
or
(2F10.6)
5 (8110) NRGEN (M)
(M=1,NNRGEN)
(8F10.0) GAMMA(L K)
(K=1,NR)
NOTE:
using <D> =
6 (8F10.0) E(I)
(I=1,NN)
(2F10.4, 110) DBAR
ENUT
NR
i (E12.6) DBAR
2. Output

1]

Description

ELR(I) = o, ELI(I) = T for
NRTEST = 1.
for NRTEST = 0.

Random number generators for
Y's if NOPT2 = 0,

Read in VY's if NOPT2 = 1.

For NOPT1 = 1, skip cards 6 and 7. EH’S are generated in ESUB
1]

If NOPTL = 2.

THENOPI Ls = 83
Average spacing (eV) (usually taken
to be unity in the studies of the av-

erage Cross section).!! ™!

Arbitrary initial energy of the

interval (eV).

Random number generator for E .
(Here, NR is local variable used
in ESUB only.)

If NOPT1 = 2. Otherwise, skip
this card. (Average spacing eV.,)

The output of MATDIAG is listed in order as follows:

) Input information.

) Generated E,u'

(
(
(
(

4) A MATRIX (the Matrix B).

1

ok 1/2
2) Generated sequences of V“C/ ’YMC> for each channel,
3

(5) EIGENVALUE (real and imaginary parts €,, 3 T'y)
N (the normalization factor NX)' :
EIGENVECTOR (real and imaginary parts of the components of

zﬁk)).

*1f KADLER > 0,0 and 7, for neutron channel are read in first and are followed by the fission and capture

channels.



(6) Eigenvalues (),), associated eigenvectors (Z), and estimated
errors, Define a vector v such that v = (B =AW ZSSihelctis
mated error is defined as the element of vector v that
possesses the largest magnitude.

(7) Listing of H (real parts €, of eigenvalues).
AH (real eigenvalue spacings €y - €))-
G (half widths 3 T'y).
N (normalization factors N, ).
Statistics of H, G, N.

(8) AH, G, and N in increasing order.

(9) RE THETA (Re 6.), IM THETA (Im 6;),
MAG THETA**2 (|6| XC)’ ARG THETA,
(phase angle of 85 ¢), BG(F)\C)’ and BT(Q)\C)
listed per one channel c and all ), also B(BC) and statistics of
channel parameters.
Repeated for as many channels as called for.

(10) Adler-Adler parameters: G(F), G(R), G(T), u(F), g(R), u(T),
U [ IE o 1 o
6#’ and 1"#/2.

3. Time Estimation

The computer time required depends strongly on the number of poles
considered and also, to some extent, depends on the total number of channels
assumed. The computer times required for test problems using 105 channels
are tabulated as follows:

Number of Poles Computer Time, min
50 7
80 35

120 iz
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APPENDIX
Fortran Listing of the Program
PROGRAM MATDIAG
THIS PROGRAM HAS BEEN TRANSLATED FOR THE 360750

WITH RELEASE 1=A OF THE MOD-50 TRANSDECK
JDB

(R

DIMENSION EVECR(120,120),EVECI(120,120)

DIMENSION E(120),ELR(120),EL1(120),GAMMA(120,300),TITLE(16)
DIMENSION H(120),G(120),DH(120), THETR(120),THETI(120)»TMAG(120),
1NSH(120), NRGEN(120),EN(120),ENN(120),DEL(120),BGAMMA(120),
2BTHETA(120),SAVEH(120),SAVEG(120),SGREAL(120),SGIMAG(120),
ISAVEN(120)

DIMENSION A(120,120)»VALU(120,1),8(120,120)

DIMENSION NPR(2),SUMAT(2),SUMABG(2),SUMABT(2),SUMTMSA(2),
1SUMBGMSQ(2)nSUMBYHSQ(Z).SUMTCOR(Z).SUMRGCOR(?).SUHRTCOH(Z)aSUHB(Z)
DIMENSION GF(120),GR(120),GT(120),HF(120),HR(120),
1KT(120),HALGAM(120)

COMMON DRAR

COMMON /0R/ ITER(240), V(120), DUMMY(360)

COMPLEX*16 TEMP1

REAL*8 SGREALs»SGIMAG

COMPLEX#*16 AsVALU,B,V,TEMP

REAL*8 E,SUMR,SUMI

COMPLEX#16 DUMMY1,DUMMY2,DUMMY3,PRODF,PRODG

REAL*8 DUMMY4,DUMMY5,DUMMY6,DUMMY7,DUMMY8,DUMMY9

REAL*8 HALGAM

REAL*8 G,H,DH,EN

REAL*8 ANORM, VNORM, RES1D,DUMMY

REAL*8 SF

COMPLEX DUM,CNORM,DAMN1,DAMN2,DUMDUM,SCRW

oo

READ(60,20)TITLE

FORMAT(16A5)

WRITE(61,30)TITLE

FORMAT(1H116A5)
READ(éU.dO)NN.NR.NKK:NRTEST,NK.NNRGEN,NQPT1,Nop12,N°pT3,NU'NF,
1KADLER,SF A
FORMAT(1215,E12,6)

WRITE(61,1)SF

FORMAT(16H SCALING FACTOR=E15.6)

WRITE(61,45) NN, NR,NKK o
FORMAY(1H08X1HN9X1HR6!4HEDGE/(3110)) 15
IF(KADLER.LE.0)GU TO 4

READ(60,123)GFACT,MAIDTH

FORMAT(E12.6516)

IF(NRTEST)80,50,80

CONTINUE o
READ(60.60)ELR(1).ELI(1)

FOPMAT(8F10.0) A9
HRlTE(bi.bS)ELR(i)-ELl(1) e
FORMAT(1H010X4HRE L11X4HIM L/(2E15,7)) 21
po70K=2,NK o
ELR(K)=ELR(1) =
ELT(K)=ELI(1) th
CONTINUE =
GOTO090 T
CONTINUE i
READ(éU:éO)((ELR(K).ELI(K)),K=1,NR) 5
WRITE(61,85) e
FORMAT(1HO10X4HRE L11X4HIM L) =
HRITE(61.160)((ELR(K).EL](K)).K=1,NR) 3
CONTINUE i
po 91 I=1.NR e

-
HrowoV®o

15



16

91

42

96

95

97

10

o

101
102
105
106

107

108

1109

7709
2209
3309

1108
3219

110

130

ELR(I)=ELR(I)/(4,%3,14159265)
ELICI)=ELICI)/(4,%3,14159265)

CONTINUE

IF(NOPT2 .GT.0)GO TO 95

READ(60,42) (NRGEN(M)»M=1,NNRGEN)
FORMAT(8I10)

WRITE(61.,96)

FORMAT (32HORANDOM NUMBER GENERATOR NUMBERS)
WRITE(61,42) (NRGEN(M) 4M31,NNRGEN)
CONTINUE

D0400M=1,NNRGEN

IF(NOPT2.GT,0)G0O TO 101
WRITE(61,97)NRGEN(M)

FORMAT(16H1RANDOM NO. GEN=110)
D01001=1,NN

D0100K=1,NR

GAMMA(I,K)=RANN(NRGEN(M))

CONTINUE

GO TO 105

CONTINUE

D0102 K=1,NR

READ(60,60) (GAMMA(I,K), I=1,NN)
CONTINUE

CONTINUE

WRITE(61,106)

FORMAT(6HOGAMMA)

DO 107 I=1,NN

WRITE(61,160) (GAMMA(I,K),»K=1,NR)
CONTINUE

CALLESUB(NN,E,NOPT1)

WRITE(61,108)

FORMAT(2HOE)
WRITE(61,160)(E(J)»J=1,NN)
IF(MWIDTH,LE.0)GO TO 3219

NFF=NU+NF

NUP=NU+1

NGA=NU+NF#+1

DO 1108 I=1,NN

L0 7709 K=1,NU
GANN=DSQRT(E(I)) %2 . #EL 1 (1)*GAMMA(],K)*#2+DBAR
GAFF=0.0

GARR=0.0

DO 1109 L=NUP,NFF
GAFF=GAFF+2,*ELI(L)*GAMMA(I,L)**2#NBAR
CONTINUE

DO 7709 J=NGA,NR
GARR=GARR+2,*ELI(J)*GAMMA(I,J)w*2«DBAR
CONTINUE

PRINT 2209,GANN,GARR,GAFF

FORMAT(4H GN=E12.6,4H GR=E12.6,4H GF=zE12,6)
PUNCH 3309,E(1),GANN,GARR,GAFF,GFACT
FORMAT(5F12.6)

CONTINUE

DO 140 I=1,NN

D0140J=1,NN

SUMR=0Q.

SuMI=o.

D0110K=1,NR
SUMR=sumRoELR(K)-GAMMA(1,().GA""A(J,K,.DBAR
5U”1=SUM]’EL[(K)'GAHNA(I:K)QGAMMA(J,K).DpAR
CONTINUE

IF(1=J)130,120,130

CONTINUE

A(I.J)=((1.UD0.0.0DU)'(E(J)'SUHR)t(0.0n0;1.000)‘(‘SUHI))/SF

GOTO0140
CONTINUE

36
37
39
40
41
42
43
44
45
46
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

70
71

73
76
77
78

81
82



140

150

160
170

Creww

88

1111

Crmaw

92

93
1195

190

A(!.J)S((1.000-0'000)'('SUHR)’(0‘000.1.000)'('SUMI))/SF
CONTINUE

DO 3 J=1.NN

D0 3 K=1,NN

B(J,K)=A(JK)

WRITE(61,150)

FORMAT(9HL1A MATKIX)

DO 170 [=1,NN

WRITE(61,160)C((ACTI,J))»J=1,NN)

FORMAT(8E15.7)

CONTINUE

CALL CLOCK(T1)

CALL FRANCC(A»VALU,NN,ANORM,120)

CALL CLOCK(T2)

T1=72=-T1

WRITE(61,5000) ANORM,TT

WRITE(61,8000)

TT=0.0

DO 190 I1=1,NN

NEXT STATEMENT ADDED OR REWRITTEN TO BYPASS BUG IN COMPILER
TEMP1==VALU(I.,1)

CO 88 J=1,NN

DO 88 K=1.NN
ACJ,K)SB(J,K)

CALL CLOCK(T1)

CALL VCTRCA,VsNN,VALUCI,1))
CALL CLOCK(T2)
TT=TT«(T2=T1)
DAMN1=VALUC(I,1)
H(1)=REAL(DAMN1) »SF
G(I)=AIMAG(DAMN1) *SF
DuM=0,

DO 999 J=1,NN
DUM=DUM+V(J)**2
CNORM=CSORT(DUM)

DO 1111 J=1,NN
V(J)=V(J)/CNORM
DAMN2=V(J)
EVECR(1,J)=REAL(DAMN2)
EVECI(1,J)=AIMAG(DAMNZ)
CONTINUE

RESID=0,0

DO 1195 J=1,NN

NEXT STATEMENT ADDED OR REWRITTEN TO RYPASS BUG IN COMPILER
TEMP=TEMP1#V(J)

CO 92 K=s1,NN

TEMP:TEHPOB(J.K)'V(K)

lF(CDABS(TEMP)-RESID)119511195.93

RESID=CDABS(TEMP)

CONTINUE

HR]TE(bi.SSOO)(VALU(l.1)-RESID.(V(J).J=1-NN))

CONTINUVE

HRITE(61,9000)TT

FORMAT (13HOMATRIX NORM=1PD24.15, 12H TIME(MS)=4PF8.0

/
6240 REAL IMAGINARY ITERATIONS)

6000
7000
8000
8500

9000

272

FORMAT (1HO 1PD24.15'024.15nl9)

FORMAT (53H1THE QR ALGORITHM FOR E1GENVALUES OF COMPLEX MATRICES)
FORMAT (10 EIGENVALUE, ASSOCIATED EIGENVECTOR, AND RESIDUAL®)
FORMAT (1HO 1P024.15;024.15.020.2/(1H0 0P4(F18,10,F15.10)))

po 273 1=1,NN

FORMAT (0 TIME(MS) FOR EIGENVECTORS=+ 1PF12,0)

ENCI)=0,

DO 272 J=1,NN

EN(l)=EN(l)’EVECR(l-J)"Z‘EVECl(l.J)'ﬁ?

CONTINUE

ENNCI)=ENCT)

85

86
87
88

90
91

96

97

98
99

101
102

177
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200

280

210

220

230

241

251

265

266

261

264

215

CONTINUE

CALLORDERL(Hs»NSH,NN)

DO 200 I=1,NN

NS=NSH(I)

SAVEH(I)=H(I)

SAVEG(I)=G(NS)

KALGAM(I)==G(NS)

SAVEN(I)=EN(NS)

CONTINUE

IF(NOPT3.EQ,0)GO TO 220

PRINT 280,NNsNR

PUNCH 280,NN,NR

FORMAT(2110)

PRINT 210, (SAVEH(I),SAVEG(I),I=1,NN)
PUNCH 210, (SAVEH(1),SAVEG(I)»1=1,NN)
FORMAT(8E10.3)

CONTINUE

NNM1=NN=1

C02301=1,NNM1

DHCI)=H(I+1)=H(])

CONTINUE

DH(NN) =0,

WRITE(61,241)

FORMAT(1H113X1HH10X5HK DIF14X1HG14X1HN)
WRITE(61,251) ((H(I)»DH(I)sSAVEG(1),SAVEN(I)),I=1,NN)
FORMAT(4F15,7)

NPO=0

CALLAVERAGF (SAVEN,NN>NPQ»AEN, AENSQ)
CALLAVERAGE(SAVEG,NN»NPQ,AG,AGSQ)
CALLAVERAGE(DH, NNM1,NPG,ADH, ADHSQ)
CHMSG=(ADHSGW/ADH*w%2) =1,
GMSG=(AGSU/AG**2) =1,
ENMSQ=(AENSU/AEN*#2)~1.
WRITF(61,265)ADH, DHMSQ,AG,GMSQ, AEN,ENMSQ
FORMAT(1HO9X5HDH AV9X6HDH MSQ11X4HG AV10XS5HG MSQ11X4HN AV
110X5HN MSWU/(6E15.7))

NPOzNKK
CALLAVERAGE(SAVEN,NNs>NPG»AEN, AENSQ)
CALLAVERAGE(SAVEG,NN,»NPQ,AG,AGSQ)
CALLAVERAGE(DH,NNM1,NPQ,ADH, ADHSQ)
DHMSQ=(ADHSQ/ADH*%2)-1.
GMSQ=(AGSU/AG**2)~1,
ENMSQ=(AENSQ/AEN*w%2)-1.
WRITE(61,266)ADH, DHMSQ,AG,GMSQ, AEN,ENMSQ
FORMAT(1HO6HCENTER3X5HDH AV9X6HDH MSN11X4HG AVIO0X5HG MSQ11X4HN AV
110X5HN MSG/(6E15,7))

CALLORDER(DH,NNM1)

CALLORDER(GsNN)

CALLORDER(EN,NN)

WRITE(61,261)

FORMAT(1H17HORDERED2X5HH DIF14X1HG14X1HN)
WRITE(61,264) ((DH(I)»G(I)4ENCI)),T=21,NN)
FORMAT(3E15,7)

Do 215 L=1,2

SUMAT(L)=0,

SUMABG(L)=0,

SUMABT(L) =0,

SUMTMSQ(L) =0,

SUMBGMSQ(L)=0.

SUMBTMSQ(L)=0.

SUMTCCOR(L) =0,

SUMBGCOR(L)=0,

SUMBTCOR(L) =0,

SUMB(L)=0,

CONTINUE

L0O370Kk=1,NR
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104
105
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109
110
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114
115
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119
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128
129
130
131
132
133
134
135
136
137
137
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141
142
143
144
145
146
146
147
148
149
150
154
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153
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156
157
158
159
160
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162
163
164
165
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290

295

300
310

315

316

CO 295 I=1,NN

NS=NSH( D)

THETR(1)=0.

THETI(1)=0.

0n29ny=1, NN
THETR(1)=THETR(I)+EVECR(NS, J) *GAMMA(J,K)
THETIC(I)=THETIC(I)+EVECI (NS, J)*GAMMA(J,K)
CONTINUE

DUMARG=DRAR®ELI(K)*2.

DUMLSQ=ELI(K) w*2+ELR(K)¥#*2
SCRW=CMPLX(ELI(K),=ELR(K))
CUMDUM=SOKT(DUMARG) *SCRW/SQRT(DUMLSQ)
AC1,K)=DUMDUM*CMPLX(THETR(I),THETI(I))
SGREAL(I)=A(I,K)
SGIMAG(I)=(0,0D0,=1.0D0)*A(I,K)
THAGCI)=THETR(I) #w2+THETI(1)#e2
RGAMMACI)=2,*ELI(K)*TMAG(I)*DBAR/ENN(NS)
BTHETA(I)=4,+3,14159265*ELI(K)*TMAG(1)+ENN(NS)
CEL(I)=ATAN2 (THETI(I),THETR(I))
CEL(I)=DFL(I)/(2,%3,14159265)

CONTINUE

IF(NOPT3.EQ,0)G0 TO 310

PRINT 300, (SGREAL(I)»SGIMAG(I), 1=1,NN)
FUNCH 300, (SGREAL(I)»SGIMAG(I),1=1,NN)
FORMAT(8F10,3)

CONTINUE

NPR(1)=0,

NPR(2)=NKK

pn4a2nL=1,2

NPA=NPR(L)

CALL AVERAGE(TMAG,NN>NPQ,ATMAG, ATMAGSQ)
CALLAVFRAGF(BGAMMA.NN,NPQ.ABG.AQGSn)
CALLAVFRAGE(BTHETA.NN.NPO.ABT.ABTSO)
TMAGCORR=0

RGCORR=0

BTCORR=0

AMN1=1+NPQ

NMN2=NN=NPQ-1

NMN3=NN=NPQ

DO3151=NMN1, NMN2
THAGC09R=TMAGCORR¢TMAG(I)'TMAG (1+1)
BGCURR=8GC0RRORGAMMA(I)-BGAMMA (1+1) »
BTCORR=BTCORR'BTHETA(l)'BTHETA (1+1)
CONTINUE

TMAGMSO=(ATMAGSG/ATMAG**2)-1.
BEGMSN=(ARGSO/ARG*#*2)~1.
BTMSO=(ARTSU/ART*#2)"4.
THAGCOPR:(THAGCORR/((NN-1-2-NPO)'ATMAGOATMAG))-1
EGCOR9=(RGCURR/((NN-l-Z'NPﬂ)'ABG'APG))-i
BTCnQR=(=TCORR/((NN-1-2'NPO)'ART'ABT))-1
CALL AVERAGE(THETR,NN,NPQ,ATHETR,ATHETRSO)
CALL AVERAG&(TH&Tl.NN,NPOnATHETl.ATHET!SO)
BR=ATHETRSN=ATHETISQ

ElI=0.

CO3161=NYN1,NMN3

8!=BIOTNFTR(I)'THETI(I)

CONTINUE

B1=2.%B1/(NN=2#NPQ)
ng:(RR't?ORl-'Z)/ATMAG-'Z
suHAT(L)szMAT(L)oATMAG
sunARG(L)’SUMABG(L)'ABG
SUMART(L)=SUMART(L)0ART
SUMTMSO(L)=SUMTMSG(L)+TMAGMSO
suMBGMSQ(L)ISUMSGMSQ(L)*BGMSO
suMBTMSO(L)ISUMBTMSO(L)OBTNSD
suﬂTCOR(L)sSUHTCOR(L)oTMAGCORH

167
168
169
170
173

177

478
180
181
182
183
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
249
220

gee
223
224
225
226
227
228
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20

SUMBGCOR(L)=SUMBGCOR(L)+BGCORR
SUMBTCOR(L)=SUMBTCOR(L)+BTCORR
SUMB(L)=SUMB(L)+BB
IF(L=1)3186,318,380
318 CONTINUE
IF(K=NK)317,317,360
317 CONTINUE
WRITE(61,320)K
320 FORMAT(1H16X8HRE THETA7X8HIM THETA3X12HMAG THETAt*2
16X 9HARG THETA13X2HBG13X2HBTS5X2HK=13)
WRITE(61,325) ((THETR(I), THETI(1),TMAG(1),DEL(1),BGAMMA(I),
1BTHETACI))»1=1,NN)
325 FORMAT(6F15,7)
360 CONTINUE
WRITE(61,329)K
329 FORMAT(1H04X5HBG AV4X6HBG MSO3X7HBG CORRS5XSHBT AV4X6HBT MSQ
13X7HRT CNRRS5X5HTH AV4X6HTH MSQ3X7HTH CORRS5X1HB5X2HKz13)
380 CONTINUE
WRITE(61,330)ABG,BGMSQ,BGCORR, ABT,BTMSO,RTCORR,ATMAG, TMAGMSQ,
1TMAGCORR, BB
330 FORMAT(10E10,2)
420 CONTINUE
370 CONTINUE

D0430L=1,2
TUMAT =SUMAT(L)/NR
TUMARG =SUMABG(L)/NR

TUMART SSUMABT(L)/NR
TUMTMSQ =SUMTMSQ (L) /NR
TUMBGMSQ =SUMBGMSQ(L)/NR
TUMBTMSQ =SUMBTMSQ(L)/NR
TUMTCOR =SUMTCOR(L)/NR
TUMBGCOR =SUMBGCOR(L)/NR
TUMBTCOR =SUMBTCOR(L)/NR
TUMB =SUMB(L)/NR
IF(L=1)417,417,470
417 CONTINUE
WRITE(61,375)
375 FORMAT(45H1AVERAGES OVER R, TOTAL POLES # CENTRAL POLES)
WRITE(61,329)
470 CONTINUE
WRITE(61,330)TUMABG, TUMBGMSQG, TUMBGCOR, TUMABT, TUMBTMSQ, TUMBTCOR
1, TUMAT, TUMTMSQ, TUMTCOR, TUMB
430 CONTINUE
NOPT1=0
400 CONTINUE
IF(KADLER,LE.0)GO TO1p
NGA=NU+NF+1
NUP=NU+1
NFF=NU+NF
CO 9113 I=1,NN
DUMMY1=0,0
CUMMY2=0,0
DUMMY3=0,0
DO 9112 K=1,NU
ARGP=DSQRT(H(I))*3,80933E=03
DUMMY3=DUMMY3+A(1,K)*#2=CMPLX( -
e COS(ARGP),=SIN(ARGP))
PRODF=0,0
PRODG=0,0
DO 9114 L=NUP,NFF
PRODF=PRODF+DCONJG(A(J,K) )+
T J Y*DCONJG(ACJI,L))~ACT,K)*ALT,L)
IF(NGA.GT,NR)GO TO 6666
CO 9117 M=NGA,NR :
i 2282?§520U6¢DCONJG(A(J,K))-DCONJG(A(J.M))'A(I;K)'A(I.M)

229
230

232
233
234
235
236
237
237
238
238
239
240
241
242
242
243
244

245
246
247
248
249
250
25¢
252
253
254
255
256
257
258
259
260
261
262
263
264
265
265
266
267
268



6666
9111
§112

CUNHYZ=DUMMY2¢FRODGIDCHPLX((H(l)-H(J)).-(HALGAM(I)&HALGAM(J)
nUNHV1=DnHNY1oPRODF/DcMPLK((H(l)-H(J)).-(HALGAM(l)OHALGAM(J)
CONTINUE

CONTINUE

DUMMY4=DUMMY1

DUMMYS5=(N40,=1,0)«DUMNY1

DUMMY6=DUMMY2

DUMMY7=(040,=1.0)*DUMMY2

DUMMYB=DUMMY3

DUMMY9=(0+05=1.0)#DUMMY3

GF(1)=DUMMY5

GR(])=DUMMY?

GT(1)=DUMMYB

HF(1)==DUMMY4

KR(]1)==-DUMMY6

ET(1)=DUMMY9

PRINT 9119,GF(1),GR(I),GTC(I),HF(I),HR(I),HT(])

3:)
)

9119 FORMAT(4H GF=E15,6,4H GR=E15.6,4H GT=E15,6,4H HF=E15,6,4H HR=

9229

3311
9113

11

12
130
13
14
25

25

Cueaw

27

26

28

1E15.6,4H HT=E15.6)

PRINT 9229,HALGAM(I) W (I])

FORMAT(8H HALGAM=E15.6,7H SENUT=E15.6)

PUNCH 3311,H(1),6TC1),GRCIILGF(I),HTCI) s HRCID4HF (1), HALGAM(T),
1GFACT

FORMAT(1P6F12.5/1P3E12.5)

CONTINUE

GOTO010 269
END 271
SURROUTINE VCTR (A»V,sN,ALPHA) VCTR0001
DIMENSION A(120,120),V(120)

REMOVE OR MODIFY NEXT STATEMENT IN SINGLE PRECISION VERSION
COMPLEX*16 A,V,ALPHA:R,C

A(1,1)=A(1,1)-ALPHA VCTRO0003
DO 15 [32,N VCTRO004
ACT,1)=AC1,1)=ALPHA VCTRO005
NEXT STATEMENT ADDED OR REWRITTEN T0 RYPASS BUG IN COMPILER
V(1)=(1,000,0.0D0)

11=1-1 VCTRO0O06
Do 15 J=1,11 VCTRO007
CHANGE FUNCTION NAMES IN NEXT THO STATFMENTS IN SINGLE PRECISION
lF(CDAES(A([.J)))9.15.9

lF(CDABS(A(J.J))-CDABS(A(!;J)))ll-lO-iU

RzA(1,J)/7A0Jsd) . VCTR0010
GO TO 130 VCTROO011
RzA(J,J)/ACL,I) VCTRO0012
Lo 12 K=1sN VCTR0013
CsAlJ,K) VCTR0014
ACJ,K)ZACT,K) VCTR0015
AC1,K)=C VCTROO16
JJsJ+1 VCTRO0017
DO 14 K=JJ»N VCTRO018
‘([,K)=A([.K)'R'A(J-K) VCTR0019
CONTINUE VCTRO020
CzA(N,N) VCTR0021
po 29 1=2N VCTR0023
JJsN=1+1 VCTR0024
fa0 ) VCTR0025
11=N=1+2 VCTR0026
po 25 K=1I,N VCTRO027
RaR+A(JJ,KI*VIK) VCTR0028
CHANGE FUNCTION NAME IN NEXT STATEMENT IN SINGLE PRECISION
IF(CUABS(A(JJ'JJ))-1-0E'10)27’27;28

viJJr=l, VCTR0030
c=0, VCTR0031
po 26 JsII,N VGTR0032
V(J)=0. VCTRO033
6o 10 29 VCTRO034
V(JJ)-(c-R)/A(JJ,JJ) VCTRO035

21
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29

Cowwn

aaa

aQaaa

Coeww

40
Coonw

aaan a

a

50

a0

60

70

Crewn

Cordaw

a

VCTR0036
CONTINUE

EETU R VCTR0037
END

SURROUTINE FRANCC (A,VALU,NSUB,ANORM,NMAX)

CIMENSION A(NMAX,NSUB), VALU(NMAX)

REMOVE OR MODIFY NEXT FOUR STATEMENTS IN SINGLE PRECISION VERSION
COMMON /QR/ ITER(240),DUMMY(600)

COMPLEX*16 A,VALU,ANN,DIF,DISCSQ,DISC,E,G

REAL*8 ANORM2, ANORM, EPS, DUMMY, DEL

DATA EPS/23380000000000000/

N=NSUB

REDUCE MATRIX TU UPPER HESSENBERG FORM (WITH REAL SUBDIAGONAL)
CALL SUBDIC(A,N,NMAX)

COMPUTE MATRIX NORM

ANORM2=0,0

DO 40 I=1,N

H=l=1+171

DO 40 J=I11,N

CHANGE FUNCTION NAME IN NEXT STATEMENT IN SINGLE PRECISION
ANORM2=ANORM2+A (], J)*DCONJGC(ACT,J))

CONTINUE

CHANGE FUNCTION NAME IN NEXT STATEMENT IN SINGLE PRECISION
ANORM=DSQKT(ANORM2)

DEL=ANORM*EPS

BEGINNING OF LOUP FOR ITERATIVE DETERMINATION OF EIGENVALUES
(ARRAY ITER HAS EFFECTIVELY BEEN CLEARED TO ZERO By SUBDIA)

K=NSUB+1-N
FIND ROOTS OF LUWER 2X2 MINOR

ANN=A(N,N)

IF (N=1) 250, 220, 70

IF (CDABS (A(N,N-1)) LLE.DEL) GO TO0 220

REMOVE OR MODIFY NEXT STATEMENT IN SINGLE PRECISION VERSION
DIF=CA(N=1,N=1)=~ANN)*(0,5D0,0.0D0)

DISCSQ=DIF**2+A(N=1,N)*A(N,N-1)

CHANGE FUNCTION NAME IN NEXT STATEMENT IN SINGLE PRECISION
DISC=CDSQRT(DISCSQ)

E=DISC+DIF+ANN

G=E-DISC-DISC

IF (N.EQ.2) GO TO 230

IF (CDABS (A(N-1,N-2)) LE.DEL) GO TO 230

CHNOSE SHIFT TOWARD ACCELERATING CONVERGENCE
(RNOOT OF LOWER 2X2 MINOR CLOSEST TO LAST DIAGONAL ELEMENT)

CHANGE FUNCTION NAMES IN NEXT TWO STATEMENTS IN SINGLE PRECISION
21=(E=ANN)*DCONJG(E=ANN)

22=(G=ANN)*DCUNJG(G=ANN)

IF (Z2.LT.721) F=G

PERFORM QKk ITERATION

CALL QR1(A,N,DEL,E,NMAX)

ITER(K)=ITER(K)+1
GO TO 60



aoa

220

a0

250

anon

Creww

aoa

oo

Covus

30
40
60
Creaw

70

Cowusn

c"‘.

SINGLE EIGENVALUE CONVERGED

VALU(K)=ANN
Nz=N=1
GO TO 50

PAIR OF EIGENVALUES CONVERGED

VALU(K)=E
VALU(K+1)=G
NzN=2

GO TO 50

RETURN
END
SUBROUTINE SUBDIC(A,N,NMAX)

HOUSEHOLDER REDUCTION OF COMPLEX MATRIX TO UPPER HESSENBERG FORM

DIMENSION A(NMAX,N)

DIMENSION WVEC(120),PVEC(120),0VEC(120),CWVEC(120)

COMMON /QR/ WVEC, PVEC, CWVEC

EQUIVALENCF (PVEC,QVEC)

REMOVE OR MODIFY NEXT TWO STATEMENTS IN SINGLE PRECISION VERSION
COMPLEX#*16 A,WVEC,PVEC,QVEC,DIV,SCALAR,CWVEC

REAL*8 TEMP,SUM, TEMP1

0o 200 I=1,N
REDUCE COLUMN OF MATRIX

WVFC(1)=0,0

IF (1,EQG.N) GO TO 200
I1=1+1

12=11+1

SIMILARITY TRANSFORMATION TO PRODUCE REAL SUBDIAGONAL ELEMENT

J=11

CHANGE FUNCTION NAME IN NEXT STATEMENT ‘lN SINGLE PRECISION
TEMP1=CDABS(A(J, 1))

IF (TEMP1.EG,0.0) GO TO 60

DIV=A(J,1)/TEMP1

DO 30 K=1.N

ACK,J)=DIV*A(K,J)

DO 40 K=1I,N

‘(J.K)=A(J.K)/DIV

IF (12.GT,N) GO TO 200

SumM=0,0

DO 70 J=12,N

CHANGE_FUNCT]ON NAME IN NEXT STATEMENT IN SINGLE PRECISION

SUN=SUH¢A(J.l)'DCONJG(A(J.I))
IF (SUM,FG.0.0) GO TO 200
J=11

TEMP=A(J, 1)
CEANGE FGNCTION NAMES IN NEXT THREF STATEMENTS IN SINGLE PRECISION

SUM=DSORT(SUM* TEMP w#2)
‘(Jnl)=DCHPLX(-DSIGN(SUM:TEMP).0.0DD)
YEMP1=DSORT(1.DODABS(YEMP)/SUM)
WVEC(J)=TEMP1

CWVEC(J)=hVEC(J)
CHANGE FUNCTION NAME IN NEXT STATEMENT IN SINGLE PRECISION

DIV=DSXGN(TEMP1'SUM;TEHP)
po 85 J=12,N

23
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Cowwn

85

90

95

Cewws

170

180

200

aaon

Corww

aaa

50

aaa

60
100

aaoa

Craww

150

WVEC(J)=A(J»1)/DIV

CHANGE FUNCTION NAME IN NEXT STATEMENT IN SINGLE PRECISION
CWVEC(J)=DCONJG(WVEC(J))

CONTINUVE

SCALAR=0.0

DO 95 J=11,N

PVEC(J)=040

DO 90 K=11,N
PVEC(J)=PVEC(J)+A(K,J)*CHVEC(K)
SCALAR=SCALAR+PVEC(J)#HWVEC(J)
CONTINUE

REMOVE OR MODIFY NEXT STATEMENT IN SINGLE PRECISION VERSION
SCALAR=SCALAR/(2,0D0-0.0D0)

DO 120 J=I1,N
QVEC(J)=PVEC(J)=SCALAR*CHWVEC(J)
DO 120 K=I1,N

A(K,J)=ACK, J)=WVEC(K)%QVEC(J)
CONTINUE

DO 180 K=1,N
QVEC(K)==SCALAR*WVEC(K)

BO 170 J=11,N
QVEC(K)=QVEC(K)+A(K,JI*WVEC(J)
DO 180 J=I11,N
A(K,J)=A(K,J)=QVEC(K)®CWVEC(J)
CONTINUE

CONTINUE

RETURN
END
SURROUTINE QR1(A,N,DEL,ZET,NMAX)

SINGLE COMPLEX QR ITERATION

DIMENSION ACNMAX,N)

COMMON /QF/ DUMMY(120),NU(120),MU(120),CMU(120)

REMOVE OR MODIFY NEXT TWO STATEMENTS IN SINGLE PRECISION VERSION
COMPLEX*16 A,ZET,MU,CMU,DIAG,W,Y,Z

REAL*8 KAP,NU,SUPERD, TEMP1, DUMMY,DFL

INTEGER ¥}

Ni1=N-1
N2zN1-1

FIND Q

DO 50 I1=1,N2

I=N1-11

IF (CDABS (A(I+1,1)) JLE.DEL) GO TO 60
Q=1

SHIFT ORIGIN

DO 100 I=G,N
ACI, 1)=ACI, 1)=ZET

REDUCE TO TRIANGLE (ROWS)

Do 200 I=0G,N
DIAG=A(I, 1)
SUPERD=0.0

IF (1.EQ.N) GO TO 150
SUPERD=A(1+1,1)
A(I+1,1)=0.0

CHANGE FUNCTION NAMES IN NEXT TWO STATEMENTS IN SINGLE PRECISION
TEMP1=DIAGwDCONJG(DIAG)
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200

250

300
350

10

10

KAP=DSORT(TEMP1+SUPERD**2)
MUCT)=DIAG/KAP

CHANGE FUNCTION NAME IN NEXT STATEMENT

CMUCT)=DCONJGIMUCT))

NUCT) =SUPERD/KAP

ACT,1)=KAP

Y=MUC])

Z=CMUCT)

IF (1,EQ.N) GO TO 250

I1=1+1

DO 200 J=I1.N

WEA(I,J)

ACT,J)=weZ +NUCT)wACT®1, )
A(I+1,J)=Y *ACI*1, ) =NUCT) *W
CONTINVE

INVERSE OPERATION (COLUMNS)

L0 300 J=U,N

Y=MUCJ)

Z=CMU(J)

IF (J,EQ.N) GO TO 350

Jis=J+1

Do 300 I=G,J1

WzA(l,J)

ACT,J)=HeY +NU(JI*ACT,J+1)
ACT,J+1)=2 *A(IsJe1)=NUCJ)*nW
CONTINUE

DO 400 I=Q,N

ACl,J)=Y *A(I,J)
ACT,1)=ACT, I)*ZET

RETURN

END

FUNCTION RANN(NR)

IN SINGLE PRECISION

ROUTINE TO FORM A SEQUENCE OF NORMALLY DISTRIBUTED PSUEDO~=
RANDOM NUMBERS WITH ZERO MEAN AND UNIT STANDARD DEVIATION

CALL RANSET(NR)
SuM=0,

D0 10 1=1.,27
SUM=SUM+RANF (=1)
CONTINUE
SumM=SUM/27,
RANN=18,#(SUM=,5)
CALL RANGET(NR)
RETURN

END .
SueaourlNEAVERAGE(A.N.NKKoAV.Avsu)

THIS PROGRAM HAS BEEN TRANSLATED FOR THF
WITH RELEASE 1=A OF THE MOD-50 TRANSDECK

DIMENSIONA(1)
AV=0,

AVSQG=0.
NKK1=NKK+1
NKK2=N=NKK

po 10 1=NKK1,NKK2
Av:AVOl(l)
AVSOEAVSO*A(])we2
CONTINUE
‘v:AV/(N'?'NKK)
AVSQ=EAVSQ/ (N=2#NKK)
RETURN

END

360/50
JDB

NN NN

V®NOU B
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SURROUTINEORDER(A,N)

THIS PROGRAM HAS BEEN TRANSLATED FOR THE
WITH RELEASE 1-A OF THE MOD-50 TRANSDECK

DIMENSIONA(1)

REAL*8 A,DUM

NM1=N=-1

Do201=1,NM1

D0o20J=1,N
IF(ACI)=ACJ))20,20,10
CONTINUE

DUM=A(T)

ACI)=AC)

A(J)=DUM

CONTINUE

RETURN

END

SUBROUTINE ORDER1(A,NSA.N)

THIS PROGRAM HAS BEEN TRANSLATED FOR THE
WITH RELEASE 1-A OF THE MOD-50 TRANSDECK

DIMENSION A(1),NSA(1),SAV(120)
REAL*8 A,SAV

DO 10 I=1,N

SAV(D)=A(D)

CONTINUE

CALL ORDERC(A,N)

DO 50 I=1,N

DO 20 J=1.N
IF(ACI)=SAV(J))20,40,20
CONTINUE

PRINT 30

FORMAT(16H1ERROR IN ORDERY)
STOP

CONTINUE

NSACD)=J

CONTINUE

RETURN

END

SUBROUTINE HISTGRAM(A,NAP,NAM,DX,NMAX)

THIS PROGRAM HAS BEEN TRANSLATED FOR THF
WITH RELEASE 1=-A OF THE MOD=50 TRANSDECK

DIMENSION NAP(1),NAM(Y)
N=ABS(A) /DX

NzN+1
IF(N-NMAX)10,10,40
CONTINUE
IF(A)20,30,30
CONTINUE
NAM(N)=NAM(N) +1

GO TO 40

CONTINUE
NAP(N)=NAP(N)+1
CONTINUE

RETURN

END

FUNCTION RANF(J)

360/50
JDB

360/50
JDB

360/50

JDB

RANDOM NUMBER GENERATOR OF FORM X(141)=X([)#(2%%16411) MOD 2##31

EQUIVALENCE (X, IX)
DATA [X/3125/
IX=1X*65547
IFCIX)5+6+6



aoaonoan

12

15
16

IF

20

23
25
1999

24
26

33
30

IX=[X+2147483647+1

IF (J,GE.0) GOTO 8

IF (IX.LT.8388608) GOTO 7
YFL=1x/8
RANF=YFL*,3725291E-8
RETURN

YFL=1X
RANF=YFL®.4656613E=9
RETURN

RANF=Xx

RETURN

ENTRY IRANF(J)
IX=1x*65547
IF(1X)15,16,16
IX=1X+2147483647+1
IRANF=1IX

RETURN

ENTRY RANSET(J)

Ix=J

RANSET=0.

RETURN

ENTRY RANGET(J)

JzIX

RANGET=0,

RETURN

END
SUBROUTINEESUB(NN,E,NOPT)

THIS PROGRAM HAS BEEN TRANSLATED FOR THE 360/50
WITH RELEASE 1=A OF THE MOD-50 TRANSDECK

NOPT=3 , ECI) CHOSEN FROM WIGNER DISTRIBUTION
DIMENSIONE(120)

COMMON DBAR

REAL*8 E

SQRTF(X)=SART(X)

IF(NOPT=1)30,10,1

IF (NOPT =3) 23,24,23

CONTINUE

TERM=NN+1

TERM=TERM/2. >
D0201=1,NN

E(1)=1-TERM

CONTINUE

DBAR=1.0

Go TO 30

CONTINUE

READ(60,25) (ECI) s 121NN

FORMAT(BF10,0)

READ(60,1999)DBAR

FORMAT(E12.6)

Go TO 30

READ(60,26) DBAK,ENUT,NR

FORMAT(2F10,4,110)

CALL RANSET(NR)

E(1)=ENUT+DBAR # SQRTF(~ALOG(RANF(=1)))%1,12837916/2.
po 33 1=2,NN

E(1)=E(I-1)+ DBAR # SQRTF (-ALOG(RANF (=1)))%1,12837916
CONTINUE

RETURN

END

LSILSILS LSRN )
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